The aim of this study was to evaluate the use of 2 different trans-femoral prosthetic systems, a conventional wood-resin design and an ICRC polypropylene design, in a developing country when implemented by teachers and their associates at an ISPO Caegory II recognised training establishment.
Introduction
Whereas numerous technical reports on lower limb prosthetics in the developing world have been published, little is known about the clinical performance of such devices and their longevity (Cummings, 1996) .
This report presents the experiences with All correspondence to be addressed to J. Steen Jensen, ISPO Head Office, Borgervaenget 5, DK 2100 Copenhagen Ø; Denmark. E-mail: steen@ispo.ws trans-femoral amputees provided with either a prosthesis of conventional design with resinlaminated socket, wooden blocks, uniaxial knee, and a vulcanised rubber foot of SACH design; or a polypropylene prosthesis based on a tubular, modular system from International Committee of the Red Cross (ICRC) with a polypropylene draped sheet socket, a uni-axial knee joint, and a polyurethane SACH foot design with polypropylene keel.
Service provision of prosthetics
The prostheses were supplied by the orthopaedic workshop at the Category-II recognised school, TATCOT (Tanzanian Training Centre for Orthopaedic Technologists) by its teachers or under their supervision.
The amputees were selected from a cohort of younger amputees with preferably traumatic amputations and known as prosthetic users. The follow-up was conducted in accordance with the system developed by ISPO (Jensen and Heim, 2000; Jensen and Raab, 2003) .
For statistical analysis the Student's t-test (unpaired, two-tailed, two-sample, unequal variance) was applied.
Fabrication of prostheses
The prosthetic socket in both models was made on a rectified positive plaster of Paris cast with laminated resin technique for the TATCOT prostheses and polypropylene sheet draping for the ICRC model.
The TATCOT prosthesis had a knee mechanism from Otto Bock, Germany of uniaxial design; in 5 cases with swing phase control, 8 cases as a freely swinging knee, and in 14 cases as a locked uniaxial knee. The m Fig. 1 . The ICRC uniaxial knee design from CREquipments SA, Switzerland.
TATCOT vulcanised rubber foot is a SACH design. The components were united with wooden blocks, and static bench alignment performed.
The ICRC prosthesis had a uniaxial knee mechanism from CREquipments S.A., Switzerland as shown in Figure. 1. The shank part is fixed to the proximal housing by a transverse hollow axis, which is fixed with a transverse bolt/nut arrangement with side washers. The rotation of the axis is secured by 2 screws that are tightened into the trough of the axis. In 12 cases the knee locking mechanism was left open for the knee to swing freely, and in 23 cases a locked knee was utilised. Two dynamic alignment discs were utilised between the socket and the knee unit, and between the foot and the shank. The CREfoot is a polyurethane foam foot of SACH design with a polypropylene keel and toebreak.
Demographics
All 27 TATCOT prostheses provided were seen for a clinical and technical follow-up after a median of 20 (8-27) months (Table 1) . Of 42 ICRC prostheses provided 35 were seen for follow-up after 15 (6-26) months, and 7 were lost to follow-up.
The median age was 38 (12-67) years and 36 (22-67) years at the time of follow-up, respectively. In both groups a few were on pension or had retired, or were students. The majority were active with unskilled work. Altogether 84% (52/62) were in work at the time of follow-up. Nearly all in the TATCOT group were from urban areas, whereas the ICRC group was an even mix of amputees from urban and rural areas.
In the TATCOT group 93% (25/27) had no restrictions in ambulation and independence, as compared to 97% (34/35) in the ICRC group, which reflects that the selection criteria were followed.
In the majority of the cases the amputation was caused by trauma. In the TATCOT group 26% (7/27) received their first prosthesis, as compared to 31% (11/35) in the ICRC group.
There were no statistically significant differences between the 2 groups. 
Amputation stumps, prosthetic fit and alignment
The stump lengths were at mid-third level of the femur; none being excessively long or short (Table 2) . Scars other than from the surgery, or protrusion of the femoral bone end were encountered in 11% (7/62). The stumps were fairly straight forward for fitting in both groups.
The prosthetic fit was recorded in 61/62 cases, and was considered a good fit in 72% (44/61). Wide fit was observed in 21% (13/61) of the cases, and a tight fit in 6% (4/61). Inadequate height of the socket wall was observed in 5% (3/62) of cases. Misalignment was found in 35% (22/62); mostly because of inaccurate alignment of the knee, or of the foot in rotation or dorsiflexion. None of these imperfections were associated with stump problems. Eventually unequal leg length exceeding lcm was measured in 5% (3/62). Altogether the craftsmanship was found to be inadequate in 29% (18/62) of cases.
None of the recorded parameters differed significantly between the groups.
Patient compliance
The Harold Wood Stanmore scores indicated unrestricted mobility and independence in 95% (59/62) without any differences between the type of prosthesis, or whether failure was sustained or not. The prosthesis was in use for a median of 14 (3-17) hours daily, and 92% (57/62) claimed to walk more than 1 km.
Four (4) patients (15%) in the TATCOT group and 9 (26%) in the ICRC group complained about pain, and/or lack of comfort (P = 0.23).
The craftsmanship was unsatisfactory in 15% (4/27) in the TATCOT group and 40% (14/35) in the ICRC group (P<0.03) because of misalignment of knee or foot, inadequate socket wall, or a tight fit.
The patient compliance was high; 98% (61/62) claiming to be daily users. Only 1 (4%) was a non-user of the TATCOT technology because of poor fit and poor comfort ( Table 3) .
Replacement of a worn suspension belt is a trivial procedure that does not represent any patient hazard, and is recorded as a non-system related failure. However, none was observed in this study. In the same group are those, who had not experienced any intervention or any failure (Table 4 ). In the TATCOT group 52% (14/27) had no failures, being significantly better (P<0.02) than the non-failure rate of 23% (8/35) in the ICRC group. The median use amounted to 14 (11-15) hours per day, and 95% (21/22) were able to walk more than lkm. Nineteen (19) (86%) were considered as intensive users.
The craftsmanship was unsatisfactory in 2 ICRC prostheses because of a malrotated foot; in 1 case in combination with misalignment of the knee. One amputee in the TATCOT group and 3 in the ICRC group (7%, 4/61) complained of pain.
System related failure with any prosthetic system is defined as non-use, or break-down that requires repair or replacement of components or prosthesis. In this series of trans-femoral amputees the total failure rate in the TATCOT group was 48% (13/27); constituted of 4% (1/27) non-users and 44% (12/27) with failed prostheses (Table 5) , as compared to 77% (27/35) failures with the ICRC system (P<0.02). The TATCOT construction was followed for a median of 20 (8-27) months and failure was recorded after 19 (8-21) months, whereas the ICRC prostheses were followed for 15 (9-21) months with failures encountered at 10 (9-21) months (P<0.0001).
Poor socket fit requiring new sockets were encountered in 4 cases (15%) with TATCOT prostheses and 7 cases (20%) with ICRC prostheses. An additional 2 amputees had their TATCOT prosthesis replaced because of failure of the knee joint. The failures were considered to be linked to the components in 46% (6/13) of failures in the TATCOT group, but 63% (17/27) in the ICRC group (P=0.33).
Failures of function and stability of the knee joint occurred in 5 cases (19%) with the TATCOT prostheses, requiring a new prosthesis in 3 cases. The failures were related to the knee brake, the axis and the lock. Equivalent failures were encountered in 7 cases (20%) with the uniaxial knee from ICRC. However, an additional problem was observed in 12 cases after 10 months and a further 2 at the 16-months follow-up, namely wobbling or slackness of the knee axis because of loosening of the bushings and the fixation bolts for the axis. In 8/12 amputees utilising a non-locked knee this failure was observed, as compared to 5/23 with locked knees (P<0.008). This involved need of adjustment by an orthopaedic technologist or technician in 40% (14/35) of cases, but only 3 knees needed to be replaced. At the second follow-up 6 months later the same wobbling had reappeared and required a second adjustment. This problem was, however, not associated with the insecurity of the knee, as was reported by 4 patients (15%, 4/27).
The failures were associated with wear of the prosthetic foot in 5 cases with TATCOT rubber feet and 4 cases with the CRE-foot from ICRC, requiring replacement of the foot in 7 cases. A further 7 patients with CRE-feet needed to have the attachment bolt tightened or a malrotation corrected. Failures associated with the prosthetic foot thus occurred in 19% (5/26) of TATCOT prosthesis and 31% (11/35) of ICRC prostheses (P=0.26).
Among the patients, whose prosthesis failed only 13% (5/40) were unsatisfied. Technical reasons for that, such as the need of a new socket, poor alignment, or socket wall inadequacy were identified by the assessors in all but one patient, who complained about pain.
Evaluation of the study
In the planning of this study it was realized that clinical field studies in low-income countries were associated with much larger logistic problems than testing of technical orthopaedics in Western university settings. It was decided to look for effect sizes of 35% points, i.e. differences between historical data and test data, in order to identify pronounced differences in small sample groups and maintain an adequate statistical power, i.e. acceptable Type-2 error (Freedman, and Bernstein, 1999) . By utilising the computation of sample size by comparison of proportions (Machin et al., 1997) the required number was found to be 22-31 patients in each testing group, when a level of significance of 5% and a statistical power of 80% (Type-2 error 20%) was maintained, and the failure rate being 40-65% points in the group based on historical data. Consequently the tested technology was supplied to 35 patients, when possible, because there will most likely be some no-shows at follow-up.
The same calculations could now be repeated on the data collected comparing the prevalence of different observations from the two groups provided with TATCOT resin-wood or the ICRC polypropylene system. The only true difference identified, i.e. effect size exceeding 35% points, with the number of amputees followed in each group was the wobbling around the knee axis of the ICRC knee joint (Table 6) .
Some findings, like inadequate socket fit or misalignment required more than several hundred amputees in each group to be proven of significant difference, which is not surprising as it was the same prosthetists and their associates fabricating all the prostheses, and the size effect was rather small. Some other system-related observations would have required series of at least double the size of the presented ones.
Discussion
The study was conducted at a school for education and training of Category-II orthopaedic technologists with the aim of eliminating the educational factor in fabrication of the prosthesis, as the prostheses were all made by Category-I prosthetists and their associates. This goal was not achieved in respect of malrotation or loosening of the CRE-foot, probably because the professionals were not used to the techniques of attaching the foot to a tubular shank with a bolt.
In trans-femoral amputees a complex knee mechanism has previously shown to be a problem with the ATLAS knee (Jensen and Raab, 2003) . A uniaxial knee design was utilised in both components in this study. With the ICRC knee, in particular when used in a free swing fashion, the side nuts and the screws for adjusting the swing phase and fixing the rotation of the knee axis, worked loose, although the side nuts had a built-in nylon bushing aiming at locking the nut. Although this is a trivial problem that only requires tightening of these nuts, or locking them with a glue (Loctite®), it is a significant problem that needs to be addressed by the design engineers. The staff used for the fabrication in this study had been through a practical hands-on course, but still did not fully acknowledge the importance of these screw arrangements and might have ignored sufficient tightening in the first place or did not understand that wobbling of the knee was associated with loosening of the nuts. However, as the problem reiterated itself it is unlikely that ignorance is the main cause. Even worse is, that the problem cannot be expected to be addressed by a noneducated technician in a remote village, but requires the amputee to seek help at the orthopaedic workshop, which might be a days travel away.
The problem with prosthetic feet in lowincome countries is of common knowledge (ISPO Consensus Report on Appropriate Prosthetic Technology for Developing Countries, 1995; Jensen and Heim, 1999) . No significant differences were identified between the two models used in this study, and neither did the results differ from previous publications (Jensen and Heim, 1999) .
The patient satisfaction with both types of prosthesis was high (92%), and so was the compliance (98%). Satisfaction and compliance are relative measures. It has been pointed out (Matsen, 1999) , that satisfaction relates to wear of the prosthesis for over 12 hours each day, comfort and ability to ambulate. However, in her series only 9% (7 patients) were trans-femoral amputees. Coren-Willimzik (1995) described that among 80 trans-femoral amputees 31 % used the prosthesis all the time, 24% regularly, 34% sometimes, and 11% never; and that those with a prosthesis lived a more active life than those without. From the experiences with ATLAS trans-femoral technology (Jensen and Raab, 2003) satisfaction was reported in 71% and user compliance in 91% of cases. The prostheses were worn for 13 hours or more on average, and 66% walked more than lkm. Fifty-seven per cent (57%) were considered intensive users, 34% moderate to light users, and 9% inactive. However, it could be argued that some of these statements might reflect that the amputee in general is satisfied with just having an artificial limb to wear. In a small series (25) of younger trans-femoral amputees 88% had excellent or good results (Mittal et al., 1987) , and in a mixed series of 500 lower limb amputees with 25% being at trans-femoral level 84% could walk more than lkm, and all were independent of walking aids apart from one cane (Narang et al., 1984) .
The present series of trans-femoral amputees were selected from a known cohort with the purpose of testing a new device in 71% of cases, mixed with 29% first time prosthetic beneficiaries. The satisfaction and compliance rates are probably among the highest achievable with 82% (51/62) being intensive users, 16% (10/62) moderate to light users, and 2% (1/62) non-users. Nearly all had unrestricted ambulation, and 92% (58/62) walked more than lkm. They wore the prosthesis for 14 hours on average each day, and only 11% (7/62) felt discomfort.
The results after about one and a half years represent a benchmarking. The requirement was 11% (7/62) new prostheses, 10% (6/62) new sockets, and 11% (7/62) new feet. Although some improvements of components such as knee and feet will occur, the prosthetic technology for trans-femoral amputees will most likely still require major repairs within the expected life span of three years.
With the technology tested in this study there is a place for improvement of the craftsmanship, in particular with regard to alignment, where jigs or cages are available at low costs. Further, improvement of the ICRC uniaxial knee component is pertinently needed in order to increase patient safety and reduce the needs of contact with prosthetics professionals during the life-time of the prosthesis. That particular failure represented the only true difference between the two technologies.
Conclusion
1) The results with prosthetic provision of the TATCOT and ICRC trans-femoral systems, as implemented by teachers (Category I) and their associates at a programme of formalised education and training of orthopaedic technologists prosthetists (Category II) may be considered acceptable because of: • Proper craftsmanship 71%, due to the combination of any: • Acceptable fit 72% • Adequate alignment 65% • Socket wall adequacy 95% • Leg length discrepancy 5 % Some of these results could be improved, if the amputees did not at the same time serve as subjects of the teaching. It also reflects the high demands from the assessors of the craftsmanship, and can until otherwise proven serve as a benchmark, as the results were better than previously reported from an equivalent field test (Jensen and Raab, 2003) .
2) The technical quality of the prosthetic systems can be assessed by: • Failure with major interventions 32 % • New foot 11% • New knee 0% • New socket 10% • New prosthesis 11 % Although none of the knees needed to be replaced, there still is a need to improve the fixation and locking of the knee axis in the ICRC knee in order to reduce the requirements for repair.
3) The TATCOT resin-wood and the ICRC polypropylene systems do provide a clinically acceptable standard of prosthetic service provision, because of:
• High patient satisfaction 92% • High patient compliance 98% • Few non-users 2% • Walking distance > lkm 92% • Discomfort 11%
These are benchmarks for trans-femoral prosthetics, which ISPO believe represent an acceptable standard.
